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What is claimed is: 

1. (currently amended)A Machine for Production of Granular Silicon 
comprising: 

a heating section located below a reacting section; where said 
heating section comprises one or more tubes heated by one or more heaters . 

a mechanism that pulses silicon granules back and forth between 
the heating and reacting sections wherein the mechanism includes at ieast one 
injection m~ H» tof '" tecti ™ non sir,con 03598 int ° m 

15 heating section ; 

separate injection means for injecting silicon containing gases into 

carti ng section/ /:// 

irt looct on o c op^ mt n ^ wJ U ui i nwang for In jn oting non nUt r nn 

containing gaoos a nd 

a heating means to heat the non silicon containing gases above a 

reaction temperature . 

2. (currently amended) A machine of claim 1 ft wtrw tnol.jdinq at least one 
(| jmnnn1 ^ ^ P hnv fl the reacting -prtinn find ! staining % w ennfl 

^•■nn ^tion a .and on* or more gas injection mean s, whew 

u ro muWp fn r hgn r ; i 1 U W compri r lnn^Wa o o ction, n ro,<*on 
6e6fefV ^ Faftute ^ i a ing moch anir m, a ^ a. at c gar. in i o rtin n moans far 
|q{QGti< ^ itie8 ^^ gacoo, a -panto injocti n n m a um , l or Moot i ng n n n 
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goooo obovo o motion tomporaturo and ot I nr t nnn -Kl di li uu al ctogo o o mprmino 
u t lopot o hoator m i ction, a reacti o n wuliun pnd a gso injoction mn^ 

3. (currently amended) A machine of claim i further comprising &jmem 
farmDoveringt he^every^ heat from the granules by direct contact with a high 
purity gas. which has carbon and oxygen containing contaminants below 1 ppmv, 
parts par million by volume. W nwrt and pr n f n nb l y botow lOpph^ and which can 
be selected either from a 4stfjra$ group consisting of hydrogen, helium, argon, 
nitrogen and mixtures thereof, or from a Second group consisting of helium, 
»mnn nitrogen, silicon tetrachloride, and silicon tetrabromlde and mixtures 
thereof, but not mbrturoc of th o- P" 4 g roup and hydro ge n , 

A. (currently amended) A machine of claim 1 further comprising a h«at 
exchanger in which ™» ™ ™™ containment mean? for the silicon containing 
gases are heated by hot liquid or condensing vapor maintained within a 
temperature range which cannot cause decomposition of the gases; which 

temperature range is tyeieaHy between afefiui wo^C^^^^ 

botwoon 30O > M (f&. 

5. (currently amended) A machine of claim 1 further comprising a sieving 

device, operated either continuously or in batches, by which the silicon granules 

are sieved using one or more sieves manufactured from non contaminating sieve 

material selected from the group consisting of single crystal silicon. 

poiycrystelline silicon, silicon oxkte. silicon nitride, silicon oxynltride. silicon 
. carbide and mixtures thereof where the contaminants in the abradable surfaces 

will typically be below 1000 ppmwt un d profombly bolow 100 ppmwt . 

6. (currently amended) A machine of claim 1 further comprising a 

feedstock recovery section; where hydrogen is injected in the heating section, a * 

silicon containing gas selected from a 4- flsUiroup. consisting of trichtorositene 
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dichlorosilane, tribromosfene. dibromosilane, triodosilane, diiodosilane and 
mixtures thereof is injected via the separate injection means for silicon containing 
gas in the reacting section and a silicon tetrahalide selected from a 2?*second. 
group, consisting of silicon tetrachloride, silicon tetrabromide and silicon 
tetraiodide is injected after the reactor section, mixed with the reactor effluent 
than quenched at an optimal temperature to recover hydrohatesilanea selected 
from the aftfeeakW-* firsLgroup, residual silicon tetrahalides selected from the 

^second group and hydrogen. 

7. (previously presented) A machine of claim 1 further comprising one or # 
more cooled joints between external equipment and the reactor which transmit 
hot gases or solids and which are cooled using, one or more, microchannels 
posiUoned to primarily coo! the immediate area around the connection to the 
reactor and/or the seal area of the connection to the external equipment. 

8. (currently amended) A machine of claim 1 further comprising an 
external flow control mw tor strolling flow to each_of each-said injection 
mrnn - f™» « ™™,n consisting of. a means for_a#W direct with flow 
control of each said injection means uu i.o Indopondnntly, u. i n di rect by m nn nrr o f 

aM of indirect «nw control bv a flow distribution device or a combination of 

the two where some of the said injection means are ganged in groups. 

9. (previously presented) A machine of claim 1 wham the instantaneous # 
flow of gases into the reactor through one or more of the injection means is 
varied periodically andfor the distribution of flow between said Injection means is 
adjusted to control the generation of new particles without changing the total flow 

averaged over 1 minute. 

10. (currently amended) A machine of claim 4 where the location pf the 
— flow control means for the ftewef^ilicon containing gaste^wre 
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5 o f tho coparato i nject i on mconc for c lli con c onta i ning goo lo c o n t r o lle d is 

upstream of eefew the heat exchanger a n d on avcn moro p . u fu rrod option whnm 
mult i pl e s eparat e flowc containment meana-of the siiioon oontoining gac ore in 
tho camo hoat oxchangor. 

1 1 . (previously presented) A machine of claim 2, where high purtty # 
10 hydrogen is used for the non silicon containing gas to the first stage and silane is 

injected via the separate injection means for siiicon containing gas in all the 
stages. 

12. (currently amended) A machine of claim 2, where; high purity 
hydrogen is injected in the first and subsequent stages, a siiicon containing gas 

15 selected from a 4* first group consisting of tricNorosilane. dichlorosilane. 

tribromosilane, dibromosiiane, triodosilane, diiodosilane and mixtures thereof Is 
injected via the separate injection means for silicon containing gas in the 4%st 
stage and further comprising a final feedstock recovery system where a silicon 
tetrahalide selected from a 2* second group consisting of silicon tetrachloride. 

20 silicon tetrabromide and silicon tetratodide is injected, mixed with the reactor 

effluent then quenched at an optimal temperature to recover gases from the prior 
4*flrst group, residual silicon tetrahafides from the prior a^sepojjsi group and 
hydrogen. 

13. (currently amended) A machine of Claim 1 where the heating section 
25 is of smaller diameter than the reacting section above it and connected by a 

tapered section, angle of said tapered section to be between 10 and 80 degrees 
from the vertical and preferably bolwoon 00 60 dOQ/ooo from th n v n rfiml . 

14. ((^rrentlyarr«rded)Arnachirieof claim 1 where the heaters used in 
the heating sections are selected from the group consisting of resistance heaters. 
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5 inductive RFheaters, microwave Heaters, lamp Heaters or lasers butefe * 
• p referably' rooictonoo ' hootono . 

15. (previously presented). A machine of claim 6 where a cyclone Is used 
after the injection of the silicon tetrahalide to remove silicon dust and to provide 
resiaence tlmeTorlhe mixing arid reaction ofthe silicon tetrahalide with *em the 

IS- reactor effluent-and the silicon dust to impro^the reeovery^f the-sald«»eofi 
hydrohalosilanes and tetnahalldes, 

16. (currently amended) A machine of claim 1 further including a means of 
supplying a s ilicon etching gas mey-ee which, is. fhjected'through one or more of 
the injection means for the purpose of-etching wail deposits from «H or part of the 

15 reactor, where the gas is selected from the group consisttng:of chlorine, .bromine, 
iodine, hydrogen chloride, hydrogen bromide, hydrogen iodide, a mixture of 
-hydrogen ana ^icontetr»Milw«e. a'ritoture bThydrogen ^ridiBloon 
tetrabromlde, a mixtureof hydrogen and silicon tetraksdide artd mixtures thereof . 

17. (currently amended) A machine of daim 1 where the reactor is 
20 supported upon a weigh cell, capable of both weighing the reactor and its 

contents and of measuring the intermittent force exerted by the pulsing granules 
and where the connections to and from the reactor are flexible enough to allow 
the plight doffoction movement required by the weigh cell , s aid dcfloction to b e 
loop thon 1mm and profombly loco than Q.5mm, and the thermal expansion of the 
25 reactor relative to the support structure, said movement thormal oicpancion to be 
less than 1° (25mm)-aBa^e fGFab1y loos than W (6mm) . 

18. (previously, presented) A machine of daim 1 where all or a portion of ft 
the non silicon containing gases are heated to a temperature below the reaction 
temperature outside the heating section then heated to a temperature above the 

U.S. Patent Application of S. M. Lord - Page 5 



30 39Wd 



t>t>S6£t>699Z 98:01 t>00Z/t>Z/20 



reaction temperature inside the heating section prior to entry to the reacting 

19. (currently amended) A machine of claim 2 where at least one of the 

u ooo n rl nn r i mihn*"!"™* qf ipaft * one «"Bo n a > stege hQating 6 Q C ti o n * 
contains some residual silicon dust arid/or silicon oonteining gases^wOt^ 
otoflo roQctwgoQctiori ihat-fomi a-wafrdeposfc 

20. (canceled) 
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5 dichlorositene. tribromosilane, dibromosilane, triodosilane, diiodosilane and 
mixtures thereof is injected via the separate injection means for silicon containing 
gas in the reacting section and a silicon tetrahalide selected from a ^second. 
group A consisting of silicon tetrachloride, silicon tetrabromide and silicon 
tetraiodide is injected after the reactor section, mixed with the reactor effluent 

10 then quenched at an optimal temperature to recover hydrohalosilanes selected 
from the afdrocoid 1* first g roup, residual silicon tetrahalides selected from the * 
a ^second group and hydrogen. 

7. (previously presented) A machine of claim 1 further comprising one or 
more coaled joints between external equipment and the reactor which transmit 

15 hot gases or solids and which are cooled using, one or more, microchannels 
positioned to primarily cool the immediate area around the connection to the 
reactor and/or the seal area of the connection to the external equipment. 

6. (currently amended) A machine of claim 1 further comprising an 
external flow control means for controlling flow to each o f each-said injection 

20 mom, selected from a group consisting of: a means for eittoy direct with flow 
control of each said injection means dono indep e ndently, or Indirect by mea oe-of 
a means of jpHira* flow control bv a flow distribution device or a combination of # 
the two where some of the said injection means are ganged in groups. 

9. (previously presented) A machine of claim 1 where the instantaneous 
25 flow of gases into the reactor through one or more of th© injection means is 

varied periodically and/or the distribution of flow between said injection means is 
adjusted to control the generation of new particles without changing the total flow 
averaged over 1 minute. 

1 0. (currently amended) A machine of claim 4 where the location of th? 
30 one or more flow control means for the flewef-silicon containing gas te on o mor e 
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5 pf-t h o s e parat e infl e ction m e ans for o i l i oon containing ga s i s-c ont r o ll ed ]§ 

upstream of b efore the heat exchanger and an oven more pnotorr e d option whore * 
multip l e separate f l ows corrta i nmont moonc of the -eil ieon conta ining gas aro in 
tho oomo hoot exohongor . 

1 1 . (previously presented) A machine of claim 2, where high purity 

10 hydrogen is used for the non silicon containing gas to the first stage and silane is 
injected via the separate injection means for silicon containing gas in all the 
stages. 

12. (currently amended) A machine of claim 2, where; high purity 
hydrogen is injected in the first and subsequent stages, a silicon containing gas 

15 selected from a -1* firs! group consisting of trichlorosilana, dichlorosilane, 

tribromosilane, dibromosilane, triodosilane, diiodosilane and mixtures thereof Is 
Injected via the separate injection means for silicon containing gas in the 4%st * 
stage and further comprising a final feedstock recovery system where a silicon 
tetnahalide selected from a 2"* second group consisting of silicon tetrachloride, 

20 silicon tetrabromide and silicon tetraiodide i» injected, mbced with the reactor 
effluent then quenched at an optimal temperature to recover gases from the prior 
4 ^first g roup, residual silicon tetrahalldes from the prior ^second group and 
hydrogen. 

13. (currently amended) A machine of Claim 1 where the heating section 
25 is of smaller diameter than the reacting section above It and connected by a 

tapered section, angle of said tapered section 10 be between 10 and 80 degrees 
from the vertical ond prefe r ably b et w e en 30 60 degrees from tho vortic a l . 

14. (currently amended) A machine of claim 1 where the heaters used in * 
the heating sections are selected from the group consisting of resistance heaters^ 
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5 inductive RP heaters, microwave heaters, lamp heaters or lasers but-we 
proforobly roclstanco hoatore . 

15. (previously presented) A machine of claim 6 where a cyclone is used 
after the injection of the silicon tetrahalide to remove silicon dust and to provide 
residence time for the mixing and reaction of the silicon tetrahalide with frem the 

10 reactor effluent and the silicon dust to improve the recovery of the said silicon 
hydrohalosilanes and tetrahalide^. 

16. (currently amended) A machine of claim 1 further including a means of 

• supplying a s ilicon etching gas fflay-«*» which is injected through one or more of ft 
the injection means for the purpose of etching wall deposits from all or part of the 
1 5 reactor, where the gas is selected from the group consisting of chlorine, bromine, 
iodine, hydrogen chloride, hydrogen bromide, hydrogen iodide, a mixture of 
hydrogen and silicon tetrachloride, a mixture of hydrogen and silicon 
tetrabromlde, a mixture of hydrogen and silicon tetraiodlde and mixtures thereof. 

17. (currently amended) A machine of daim 1 where the reactor is 
20 supported upon aweigh cell* capable of both weighing the reactor and its 

contents and of measuring the intermittent force exerted by the pulsing granules 
and whore the connections to and from the reactor are flexible enough to allow 
the slight dofloction movement required by the weigh cell, ©aid deflection to be 
leoo than 1mm and proforobly loco than ft 5mm, and the thermal expansion of th| 
25 reactor relative to the support structure, said movement thormnl oxpancion to be 
less than 1" (25mm ) and proforobly lose than 1M" (6mm) . 

16. (previously presented) A machine of daim 1 where all or a portion of 
the non silicon containing gases are heated to a temperature below the reaction 
temperature outside the heating section then heated to a temperature above the 
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5 reaction temperature inside the heating section prior to entry to the reacting 

section. 

19. (currently amended) A machine of claim 2 where at least one of the 
fiocQnd and oub G oq wftt the at least one additional s tage hooting p o ctions 
contains some residual silicon dust and/or silicon containing gases from the f i rst 

10 s tag e reading s ectio n that form a wall deposit 

20. (canceled) 
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